Fusion, leakage and surface hydrophobicity of vesicles containing phosphoinositides: influence of steric and electrostatic effects.
Calcium and lanthanum ion-induced fusion of lipid vesicles containing phosphatidylinositol (PI), phosphatidylinositol-4-monophosphate (PIP), phosphatidylinositol-4,5-bisphosphate (PIP2) or phosphatidylinositol-3,4,5-trisphosphate (PIP3) and its associated membrane properties, e.g., surface dielectric constant and vesicle leakage, were studied by fluorescence methods. The presence of poly-phosphorylated phosphoinositides (PPI) in lipid vesicles enhanced fusion, depending on the PPI phosphorylation level and the PPI concentration, as determined by the lipid mixing assay. This correlation held even at physiologically relevant small concentrations of PPI in vesicle membranes. However, the presence of nonphosphorylated PI inhibited fusion due to the steric effect of the inositol ring. The cation threshold concentration for the lipid mixing of vesicles made of mixtures of phosphatidylserine (PS) with PI increased with increasing PI contents. For all vesicle systems studied, a decrease in vesicle surface dielectric constant and an increase in vesicle leakage accompanied fusion. The presence of the nonphosphorylated inositol ring in PI did not interfere with the changes in the surface dielectric constant caused by fusogenic cations. Therefore, we deduce that the reduction of the surface dielectric constant is a necessary condition for membrane fusion to occur but it does not correlate with membrane fusion when interacting membranes are blocked for close approach as by the nonphosphorylated inositol ring.